The objectives of this research study are to describe the proportion of Medicaid-insured colorectal cancer survivors who had a colonoscopy between 3 and 18 months after surgery of the colon or rectum and to determine if patient, health services, and community characteristics are associated with colonoscopy follow-up after treatment.
F ive-year survival rates for colorectal cancer have been rising since 1975, and today, more than 1 million colorectal cancer survivors live in the United States. 1,2 Although overall improvements in colon cancer mortality have been observed over the past 3 decades, persistent disparities marked by socioeconomic inequality remain. 3, 4 Inadequate screening, treatment, and surveillance received by the poor leads to disparities in overall and disease-free survival. [5] [6] [7] Because survivors are at a high risk of recurrence, colonoscopy is recommended within 1 year of surgical resection or 1 year after the colonoscopy used to clear the colon of synchronous disease. However, estimates of surveillance among colorectal cancer survivors in the general US population are low, ranging from 49% to 61% within 14 to 18 months after surgery. [8] [9] [10] Recommendations are consistent across multiple scientific and professional organizations, including the National Comprehensive Cancer Network, the American Cancer Society, the Multisociety Task Force on Colorectal Cancer (which includes American Gastroenterology Association, American Society for Gastrointestinal Endoscopy, and American College of Gastroenterology), the American College of Radiology, and The American Society of Clinical Oncology. [11] [12] [13] In addition to colonoscopy, accepted posttreatment surveillance also includes a history and physical examination every 3 months for 2 years, and then every 6 months until 5 years. Carcinoembryonic antigen (CEA) level evaluations are also recommended every 3 months for 2 years, then biannually thereafter until 5 years for person with T2 or greater lesions. Neither physical examination, CEA, nor alternative screening modalities (including flexible sigmoidoscopy, fecal occult blood tests, or barium enema) may substitute for routine colonoscopy among colorectal cancer survivors. 13, 14 Using Surveillance Epidemiology and End Results (SEER) SEER-Medicare, Snyder et al 14 found that colorectal cancer survivors are more likely to increase visits to physicians over time for preventive health services, although surveillance colonoscopy was not measured. Ellison et al 15 reported racial/ ethnic differences in receipt of colonoscopy in SEER-Medicare with non-Hispanic whites being more likely to receive surveillance colonoscopy (57%) than blacks (48%), and other racial/ethnic groups (45%). In a Medicare claims study of almost 20,000 beneficiaries, surveillance rates increased over time among individuals who had received colorectal polyp excision (17.6% within 1 y, 55.8% within 2 y, and 74.5% within 3 y). 16 Claims data, such as Medicare claims, can provide valid and reliable information about whether a patient has undergone endoscopy and may be more complete than medical records. 17 However, relying exclusively on claims data, it is difficult (and often impossible) to evaluate baseline diagnostic information that could potentially influence posttreatment surveillance patterns. 16, 18 Although an excellent resource for clinical and health services researchers, SEER-Medicare and Medicare data alone are confined to the 65+ years population and do not allow scientists to assess potentially important factors that may contribute to surveillance [eg, socioeconomic status (SES)]. Thus, studies interested in the younger cancer survivors or those interested in the factors at diagnosis which may contribute to posttreatment surveillance must rely on primary data collection (see Ref 8) or alternative secondary data sources. Linked Medicaid cancer registry data addresses these shortcomings.
Cancer registries are one of the best sources of cancer care data for population research because of their information on disease status, nearly complete ascertainment of incident cancer cases, and selected treatment codes that follow national standards for cancer registry data. 19, 20 Studies have found high agreement regarding surgical procedures among tumor registry surgery data (taken as ''gold standard''), Center for Medicare & Medicaid Services claims data on like procedures and medical chart reviews and records. [21] [22] [23] For example, Cress et al 20 studied the completeness of the California registry for stages II and III colorectal cancers diagnosed in 1996 and 1997, and found an overall 89% agreement of registry and physician office records.
There are some reports that show Medicaid-insured persons receive poorer quality care and have poorer colorectal cancer outcomes than those insured privately or through Medicare. 18, [24] [25] [26] In a study by Harlan et al 18 among elderly individuals who are insured by Medicaid, only 51.1% received cancer care according to guidelines. This is compared with 58.3% of the elderly covered by Medicare and 62.7% covered by private insurance. To our knowledge, no studies have specifically evaluated follow-up colonoscopy utilization among Medicaid-insured colorectal cancer survivors.
The purpose of this study was 2-fold: (1) to describe the proportion of Medicaid-insured colorectal cancer survivors who had a colonoscopy 3 to 18 months after curative intent surgery and (2) to determine if patient, health services, and community characteristics are associated with receipt colonoscopy.
MATERIALS AND METHODS

Study Design
The research team conducted a retrospective cohort study among the Medicaid population in North Carolina. The Wake Forest University Health Sciences and Davidson College Institutional Review Boards approved the research; both Boards waived the need for informed consent. In addition, the study underwent ethical review at the North Carolina Division of Medical Assistance and the North Carolina Central Cancer Registry.
Sample
Individuals were eligible and included in this study if they were diagnosed with SEER-staged local or regional colorectal cancer (C180, C181, C182, C183, C184, C185, C186, C187, C188, C189, C199, C209, C210, C211, C212, C218) between 1999 and 2002, had surgery with curative intent within 180 days of diagnosis, and were continuously enrolled in Medicaid during the 18-month study period. Continuous enrollment was determined as follows: individuals must have at least one Medicaid claim within the first 12 months after diagnosis and at least one Medicaid claim between 12 and 24 months after diagnosis. Anyone who did not survive the 18 months after surgery (n=89) and anyone who did not have a known surgery date (n=132) were excluded from the analysis. Cases with unstaged or missing stage at diagnosis (n=213) were also excluded. The final sample consisted of 1044 continuously enrolled Medicaid patients who were diagnosed with local or regional colorectal cancer who survived and had relevant data for at least 18 months after diagnosis.
Data Sources
Data were obtained from the North Carolina Central Cancer Registry (mandated by state law to register all incident cancer cases and first courses of treatment), North Carolina Medicaid claims, American Hospital Directory, US Census, and National Death Index. North Carolina Central Cancer Registry data are geocoded using the ESRI Arc Geographical Information Systems (GIS), allowing for evaluation of community level characteristics on cancer care. 27 Medicare files in North Carolina crossed over to Medicaid during this study period, which ensures dual eligibility patients have complete Medicare and Medicaid claims data in the claims data file. In other words, all persons in this research study over the age of 65 years were dually insured by Medicare and Medicaid. American Hospital Directory data are publically available and are used to assess characteristics of hospitals where cancer care is provided. National Death Index data were used to verify vital status during the study period.
Data Merge
The Medicaid eligibility file was matched to the North Carolina Central Cancer Registry data by social security number. The matched Medicaid file with North Carolina Central Cancer Registry data was then merged with National Death Index data file by social security number. Data were deidentified before data analysis. Using the facility identification number and hospital name, data were then merged with American Hospital Directory data. Poverty and residence data from the Census 2000 were matched by block group or zip code. The latter was used only when geocoded street address was missing from Registry data (11%).
Measures
The main outcome of interest in this analysis was receipt of colonoscopy between 3 and 18 months after surgery. This timeframe was selected to ensure that colonoscopy performed to clear the colon of synchronous disease was not considered screening colonoscopy. Colonoscopy was determined to have occurred if the Healthcare Common Procedure Coding Systems (HCPCS) or International Classification of Disease (ICD)-9 procedure codes appeared in any Medicaid claim: HCPCS 44388, 44392, 44393, 44394, 44398, 45355, 45378, 45380, 45382, 45383, 45384, 45385, G0105, and G0121; and ICD-9 45.21, 45.22, 45.23, 45.25, and 45.42.
Other possible (although not recommended) surveillance methods that may have been used as a substitute for colonoscopy were also calculated during the same time period: flexible sigmoidoscopy (HCPCS 45300, 45305, 45308, 45309, 45315, 45317, 45320, 45330, 45331, 45333, 45334, 45337, 45338, 45339, and G0104 and ICD-9 45.24 and 48.21 to 48.25), fecal occult blood test (HCPCS 82270, 82271, 82272, 82273, 82274, G0107, G0394, G0328 (from January 1, 2004 only), barium enema (HCPCS 74270, 74280, G0106, G0120, G0122 and ICD-9 87.64), and CEA testing (HCPCS 82378).
Patient characteristics derived from the cancer registry included: age at diagnosis (<65, 65 to 74, Z75), sex (male, female), and race (white, black/other races). Precancer comorbidity was defined using diagnostic ICD-9 codes from Medicaid claims 1 year before cancer diagnosis. Each individual was assigned a Charlson Comorbidity Index score, which is a well-established measure of mortality risk based on ICD-9 codes. 28, 29 With each increased level of the comorbidity index, the cumulative mortality attributable to comorbid disease increases in a step-wise fashion. Comorbidity was categorized into 0, 1+ based on the distribution of the data.
Health services characteristics included total surgery volume (divided into tertiles) based on surgical volume distribution from the American Hospital Directory; whether the reporting facility was a member of the University Health Consortium (yes, no); and whether patients were diagnosed and treated at the reporting facility (class of case 1) or patients diagnosed elsewhere but treated at the reporting facility (class of case 2).
Community characteristics poverty and urban residence were determined by downloading census block group data (89%). When block group data were not available (11%), we used 5 and 3 digit zip code level data obtained from the US Census, merged with the geocoded address using the Federal Information Processing Standard code, and then calculated using ArcMap (Version 9.2, ERSI, 2006). For analytical purposes, poverty was categorized into tertiles and urban residence was dichotomized as yes/no. The poverty and urban residence data were exported and converted to a SAS dataset for analysis.
Statistical Analysis
Descriptive statistics of patient, health services, and community characteristics and treatment were computed overall and by receipt of colonoscopy in 3 to 18 months. Receipt of colonoscopy was regressed on these characteristics using logistic regression modeling. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed. Multilevel models were considered to account for the correlation of the persons within the same hospital and geographical location. However, these models could not be fit owing to the small numbers of participants within each cluster, and were therefore abandoned. A 2-sided a level of 0.05 was used to indicate statistical significance. Descriptive data are also provided on the receipt of other screening modalities, including flexible sigmoidoscopy, Fecal Occult Blood Test (FOBT), barium enema, and CEA. Differences by receipt of these tests were assessed using w 2 tests. All data were analyzed using SAS (version 9.1, Cary, NC). 
RESULTS
Description of the Sample
The sample is predominately female (68%) and white (57% ; Table 1 ). They are equally likely to live in a rural or urban environment. Because of the focus on colorectal cancer, the population is older than the general Medicaid population, with approximately 26% between the ages of 65 and 74 years and 39% aged 75+ years. Those above the age of 65 years were dually insured with Medicaid and Medicare.
The majority of the sample was diagnosed with colon cancer (83%) with approximately 44% and 56% local and regional disease, respectively. About one-third of the sample received adjuvant chemotherapy within 12 months of cancer diagnosis and 10% received radiotherapy within 12 months of cancer diagnosis (primarily for rectal cancer patients). About 53% had a Charlson Comorbidity Index score of 1 or greater and 18% were treated at a University Health Consortium member facility.
Receipt of Colonoscopy
Forty-two percent of persons with local or regional staged, resected colorectal cancer had at least one colonoscopy in 3 to 18 months after surgery (Table 1) . Individuals aged 75 years and older were less likely than those <65 years to have a colonoscopy (OR=0.55, 95% CI: 0.39-0.77) and individuals with colon cancer more likely than those with rectal cancer to have a colonoscopy (OR=1.63, 95% CI: 1.09-2.44). SEERstaged local (vs regional) disease was associated with a greater likelihood of colonoscopy (OR=1.63, 95% CI: 1.09-2.44). In addition, having received chemotherapy as part of first course of therapy was associated with greater odds of colonoscopy (OR=2.36, 95% CI: 1.71-3.26). Having first course of therapy at the highest tertile of surgery volume hospital was associated with lower odds of colonoscopy (OR=0.69, 95% CI: 0.48-0.98), as was living in an urban environment (OR=0.70, 95% CI: 0.53-0.93); ( Table 2) .
Because age demonstrated an interesting pattern in receipt of colonoscopy in the multivariable analysis and comorbidity was nonsignificant in the multivariable models, we performed a subsequent descriptive analysis of the influence of age and comorbidity on pattern of colonoscopy screening among those who had a colonoscopy in 3 to 18 months after surgery. Persons with comorbidity were more likely to receive a colonoscopy at younger age groups. However, utilization patterns significantly diverged after age 65 years when persons became dually insured by Medicare. By age 70 years, there those with comorbidity are more likely to be screened than those without comorbidity (P=0.01; Fig. 1) .
Given that <50% of the population had a follow-up colonoscopy within 3 to 18 months after resection, we evaluated the extent to which individuals may use alternative screening modalities. Eleven percent of individuals underwent a flexible sigmoidoscopy, FOBT, or barium enema (Table 3 ). There were few differences between the groups, although individuals with colonoscopy were more likely to have a CEA tests (34% vs 18%, P<0.0001).
DISCUSSION
Prevalence of screening among a US general population of colorectal cancer survivors was 49% within 14 months of surgery (Salz et al) 8 and has ranged from 52% to 61% in studies following patients up to 18 months (Elston et al). 10 Surveillance has been associated with having colon (vs. rectal) cancer, visiting a primary care provider, and receipt of adjuvant chemotherapy (Salz et al). 8 In our study of the North Carolina Medicaid-insured residents diagnosed with colorectal cancer and treated with curative intent surgery between 1999 and 2002, only 42% had a colonoscopy within 18 months after surgical resection---lower than the previously reported studies.
The relationship between comorbidity and surveillance colonoscopy has led to different conclusions, with some studies reporting a relationship between severity and lower screening, whereas others reporting no relationship. 9 Although individuals with a Charlson Comorbidity Index score of 1+ were no more or less likely to receive a colonoscopy in the multivariable models in our study, an interesting pattern emerged with age; persons aged 70+ years and with a score of 1+ on the Charlson Comorbidity Index had greater utilization of colonoscopy. One hypothesis is that older individuals who intersect with the health care system for noncancer comorbidity may be more likely to be recommended for colonoscopy than a person who does not seek medical care. In a study of the impact of age and comorbidity on colorectal cancer screening among ''average risk'' older veterans, Walter et al 30 found that age played an independent and distinct role in screening patterns. Incidence of screening decreased with age and worsening comorbidity. However, if individuals with severe comorbidity had more visits to the Veterans Administration, then their screening rates were higher than healthier Veterans Administration patients with fewer visits--supporting our hypothesis. In a study of colorectal cancer survivors, greater comorbidity led to an increase in utilization of a variety of preventive care services, including influenza vaccination, cholesterol screening, and mammograms. 14 The Charlson Comorbidity Index is an amalgamation of various different diagnoses and may not have the specificity needed to determine whether a person would be a good candidate for colonoscopy. In the study by Moreover, because this was created from diagnostic codes related to health care claims, they do represent ''visits'' for noncancer-related morbidity. Individuals who do not visit the doctor are not ''diagnosed''. It is plausible that more visits lead to greater colorectal cancer surveillance for high-risk individuals---the ''showing up'' hypothesis.
We also found that individuals with local disease were more likely to have follow-up colonoscopy within the recommended timeframe. Others have shown that patients with local disease are more likely to seek preventive health care. 14 However, this is a concerning finding given that patients with regional disease are at higher risk for recurrence than those with local disease. We also found that patients who received chemotherapy were more likely to have a follow-up colonoscopy. The relationship between chemotherapy and receipt of follow-up colonoscopy may also relate to more frequent visits to the health care system.
Another interesting and unexpected pattern emerged regarding location of residence and follow-up colonoscopy. Individuals living in urban (vs rural) areas were less likely to undergo colonoscopy during the surveillance period. Our findings extend recent research that finds a rural-urban reversal in terms of worse cancer outcomes. In a recent report in Cancer, individuals in urban environments had an increased likelihood of late-stage colorectal (and other) cancers. 31 Unlike this study, however, we find that the rural advantage remained after controlling for individual, hospital, and community characteristics.
Although other studies have reported racial/ethnicity differences in surveillance, we did not find similar patterns. [32] [33] [34] The lack of race/ethnic disparities in surveillance in our study may be partially explained by our sample of Medicaid recipients, whereby controlling for SES via study design. Other studies that have controlled for health care access by insurance status have also reported no racial/ethnic differences in surveillance. 35 The guidelines for screening among colorectal cancer survivors are consistent across many professional and academic organizations and have now been in place for over a decade. Colonoscopy is not perfect but remains a gold standard for surveillance among colorectal cancer survivors. 12, 36 Colonoscopy increases the probability of survival among colorectal cancer patients and has been shown to be cost effective compared with no screening among average-risk populations (cost effectiveness has not been evaluated among survivors). 12, 37 Given the consistency and clarity of the evidence, oncologists and primary care physicians treating survivors in the community are urged to provide strong recommendations to patients to ensure adequate surveillance. Our findings suggest compliance with guidelines could be improved considerably.
Although this research provides the first evaluation of colonoscopy among Medicaid-insured colorectal cancer survivors, there are several limitations that must be acknowledged. First, the study relies on a single state's data and, therefore, needs replication. There is burgeoning literature that finds cancer care disparities among the Medicaid population across multiple states, which suggests that these data may be relevant across state lines. [9] [10] [11] [12] Second, the codes used to define colonoscopy must be interpreted with caution. Although claims data are well accepted in health services research as a reliable and valid methodology for conducting population-level cancer research (eg, SEER-Medicare), the codes for colonoscopy cannot disentangle screening from diagnostic procedures. By including codes that may represent diagnostic colonoscopies [44388, 44392, 44393 (colonoscopy through stoma without and with removal/ablation of tumor or polyps), 44389 (diagnostic colonoscopy with biopsy), and 45382 (colonoscopy with control of bleeding)], we must acknowledge the possibility of overestimating postsurgery colonoscopy and the misclassification of diagnostic colonoscopy as surveillance.
Finally, this study may be criticized by leaving us with more questions than answers: (1) why do we see the unusual age-comorbidity interaction as it relates to colonoscopy?, (2) What is happening to the urban poor in terms of follow-up cancer care?, (3) Is Medicaid a proxy for a health care access concern (eg, does low utilization of colonoscopy among Medicaid patients mean limited access to colonoscopy services)? More indepth analyses of these questions are needed.
Despite the limitations and new questions raised, the research provides an important and unique contribution to the literature by evaluating receipt of colonoscopy among Medicaid (and Medicare for those 65+ years)-insured colorectal cancer survivors. The linked Medicaid cancer registry data provides important information about baseline diagnostic and community level context of the cancer diagnosis that can be used in multivariable analyses. The study also allows us to evaluate the influence of race/ethnicity and geographic location while controlling for SES through a consistent, means tested insurance program---Medicaid. Finally, the study opens the door for future research by posing new questions about cancer care for low-income survivors and demonstrates the need for interventions to increase follow-up colonoscopy, especially among young Medicaid-insured colorectal cancer patients.
